P LANT breeding programs for self-pollinated crops normally involve three levels of evaluation. Individual plants and single plant progeny rows are evaluated in one environment and selected for certain qualitatively inherited characteristics such as disease resistance, and for certain highly heritable, quantitatively inherited characteristics such as maturity, lodging, and plant height and type. After this initial selection phase a detailed evaluation of lines for characters such as seed yield is made to reduce a set of genotypes to a few select lines. Finally, the selected genotypes are submitted to a regional test for evaluation under a more diverse set of environmental conditions. The final two levels of evaluation represent the principal phases of the breeding program with respect to cost and importance, but neither of these two levels have been fully evaluated. This paper deals specifically with the second level of evaluation where one isolates potential genotypes from a cross, multiple cross, or group of crosses.
In self-pollinated crops certain characters, such as seed yield, percent oil, and percent protein in soybeans, are evaluated at a stage of inbreeding so that the lines essentially reflect their genotypic potential in a homozygous state. The lines entered into the second phase of testing vary with plant breeders and crops and may involve lines advanced by bulking or lines bulked at a later stage of selfing. The problem to be considered is the optimum allocation of test material for a fixed cost so that a few potential lines can be identified. The paper is designed to give the plant breeder certain guide lines to help in the planning of his breeding program. Finney's approach to the problem (2, 3, 4) is the most complete solution available in the literature but lacks the inclusion of test environments, variable proportion saved, and complete test information for lines in the two stages of selection. Young (11) and Young and Weiler (12) expressed the genetic gain in worth with "independent culling" for two correlated characters. The extension can be made directly to two-stage testing where the first character is taken as the mean performance of lines in stage one and the second as mean performance of lines in the two stages. Since the relations are complex, graphic solutions will be extensively used.
Two-Stage Testing
A two-stage test involves testing n lines in K environments, selecting nqi lines for retest in Is environments, and reselecting nq top lines based on the performance of lines in the two-test stages. The limitations for evaluating a three-stage test are the lack of tabular values for multinomial distributions. Two-stage testing, however, would typify plant breeding programs.
The following symbols are identified: li= number of environments in the first stage of testing, Is = number of environments in the second stage of testing, r= number of replications per test.
